Este trabalho descreve um método simples de síntese de 4-aril-tetraidroquinoline-2,5-dionas através da reação tricomponente entre enaminonas N-aril-substituídas derivadas da dimedona, aldeídos aromáticos e o ácido de Meldrum. A síntese ocorre sem o uso de catálise e aquecimento, não sendo necessário o emprego de solventes especiais ou condições reacionais sofisticadas.
Introduction
The occurrence of N-heterocycles in natural product and drug-like compounds has motivated the development of diverse approaches to their syntheses. 1 In the medicinal chemistry arena, a valorized characteristic of a preparative route is its simplicity, and the synthesis of biological active compounds by typical step-by-step reactions has been questioned, and many solutions have been envisioned. 2 In this context, multicomponent reactions have been intensively developed to efficiently access libraries of small molecules with the advantages of green chemistry philosophy. 3 In the course of a project aimed at the synthesis of alkaloid-like compounds to biological evaluation based on formal cycloaddition of enaminones with Michael acceptors, 4 we identified the 4-aryl-tetrahydroquinoline-2,5-dione structural scaffold as synthetic target due to the potential biological activities of quinolone derivatives. 5 We rationalized that quinolinediones can be conveniently accessed from dimedone-based enaminones as building block (Scheme 1). [6] [7] [8] [9] [10] However, to be effective, a practical synthetic route is desirable. A search in the literature revealed that two approaches are known to this target structural scaffold, a two-component one which involves the formal aza-[3+3] cycloaddition of dimedone-based enaminones, and two examples of multicomponent reactions. Among these, route A is the direct reaction of enaminone with arylidene derivatives of Meldrum's acid, 6 and appears to be more adequate because the alternative synthetic route B, which do not employ such derivatives, needs large amount of expensive base (Cs 2 CO 3 ) and purification by column chromatography. 7 The Meldum's acid route A suggested the possibility of in situ formation of arylidenes, and thus some multicomponent reactions were developed. Among the three-component approaches, route C is run in water under reflux and benzyltriethylammonium chloride catalysis, and is operationally very attractive, but it is limited to ortho-substituted aldehydes. 8 Complementarily, the use of ionic liquid is also known to this three-component synthesis, but still restricted to the same kind of aldehydes, and with somewhat laborious purifications. 9 The described four-component synthesis of route D has a broader aldehyde scope, but now it is more practical to aliphatic amines, and employs high boiling point solvent in the purification step.
In spite the scenario depicted in Scheme 1 represents a significant contribution to the 4-aryl-tetrahydroquinoline-2,5-dione derivatives synthesis, the investigation of an approach which congregates the advantage of reported methods without their drawback would be desirable. Inspired by these results, we decided to develop a simple approach adequate to the purpose of synthesize a small set of mentioned quinolinedione derivatives. Moreover, it was our intention that such approach allowed variation of both position and nature of the aldehyde's substituent, and also in the N-aryl moiety of the dimedone-based enaminones. 11 Herein we developed a greener method of preparation of 4-aryl-tetrahydroquinoline-2,5-diones through catalyst-free multicomponent reaction, combining very simple reaction conditions, isolation and purification, and with the abovementioned structural variation.
Results and Discussion
To develop a direct one-pot dimedone-based enaminones route towards 4-aryl-tetrahydroquinoline-2,5-dione derivatives involving simple work-up and purification, a careful analysis of strategies of Scheme 1 prompted us to test the three-component reaction which use Meldrum's acid and aldehydes. We rationalized that the combination of each green aspect of multicomponent routes C and D would be a reasonable initial start point. Thus, we first try a model reaction of equimolar amounts of enaminone (1a) with ortho-nitrobenzaldehyde (2a) and Meldrum's acid (3a) in water as solvent, under microwave heating without catalysis, Table 1 (entry 1) . After a short reaction time, thin layer chromatography (TLC) analysis indicated disappearance of all reagents, but a complex mixture had formed. Alternatively, compound 4a could be isolated when the reaction was performed at room temperature, albeit in low yield and with long reaction time (entry 2). The next green solvent tested was ethanol (entries [3] [4] [5] . Despite the slow reaction, excellent yield was obtained when the reaction was realized at room temperature.
With satisfactory conditions to the three-component synthesis of 4-aryl-tetrahydroquinoline-2,5-dione in hand, the protocol was applied to cyclic enaminones (1a-b) and aromatic aldehydes (2a-e), in the presence of Meldrum's acid (3), Scheme 2. Modest to good yields were obtained and, moreover, variation in the nature and position of substituents in both enaminone and aldehydes were tolerated. Besides, the majority of the solid products precipitated during reaction, and simple filtration afforded pure quinolinediones. Only derivatives 4c and 4e did not precipitate, and were purified by column chromatography. With para-nitrobenzaldehyde reactions occurred only under reflux. In addition, complex mixtures were observed in the reactions of 1a with 2-anisaldehyde, isatin, and aliphatic aldehydes valeraldehyde and isobutyraldehyde.
Contrary to the previous descriptions of three-component routes to 4-aryl-tetrahydroquinoline-2,5-diones, 8, 9 the method herein developed is catalyst-free, and compatible with tested ortho, meta and para nitro-substituted aromatic aldehydes (2a-c), and with 6-nitropiperonal (2d) or heteroaromatic furfuraldehyde (2e). Indeed, dimedonebased enaminones from aniline and para-anisidine were effective also.
Full spectral data of obtained 4a-h supported the structural determination of all quinolinediones here synthesized. In the majority of 1 H NMR spectra, the moiety corresponding to the endocyclic conformationally restricted NCOCH 2 CHAr spin system appears as an ABX system, as exemplified in Figure 1 . [8] [9] [10] The multiplicities of CH 2 are two double doublets (2.99 ppm, J 16 and 8 Hz; 3.10 ppm, J 16 and 4 Hz) and the methynic hydrogen is a broad doublet Vol. 25, No. 7, 2014 (3.78 ppm, 8 Hz). The measured values to the observed vicinal coupling constants (8 and 4 Hz) are large enough and expected to be easily assigned in this CH signal (of C-4) at the 7T field NMR spectrometer. However, as mentioned, the CH signal appears as a broad doublet due to the long range coupling 5 J with one of the hydrogen of the CH 2 at position 8, through the vinyl moiety of bridgehead carbons of the rigid bicycle 4-aryl-tetrahydroquinoline-2,5-dione nucleus. 12 From the mechanistic point of view, two convergent reactions pathways may be postulated to explain the formal aza-[3+2+1] cycloaddition products 4a-h (Scheme 3). The first is the already invoked Knoevenagel reaction of Meldrum's acid and aromatic aldehydes, followed by sequential intermolecular Michael addition of the dimedone-based enaminones to the Knoevenagel adduct, and intramolecular carbonyl N-nucleophilic addition. 9, 10, 13 Alternatively, an intermolecular aza-ene type reaction between enaminones and Knoevenagel adducts cannot be ruled out, followed by intermolecular carbonyl addition and hydrogen migration, which in the sequence suffer acetone extrusion assisted by CO 2 elimination, which thus yield 4a-h after 1,3H shift.
In conclusion, a very simple one-step green procedure was developed to the synthesis of 4-aryl-tetrahydroquinoline-2,5-diones, improving the scope of the domino threecomponent reaction of N-aryl substituted dimedone-based enaminones, aromatic aldehydes and Meldrum's acid. The method does not employ catalyst or any special solvent or reaction condition, and has facile work-up and purification. Moreover, variations of enaminones and aldehydes substituents were somewhat tolerated.
Experimental
Melting points were determined on a Microquímica MQAPF 301 hot plate apparatus and are uncorrected. Infrared spectra were recorded as KBr discs on a FT-IR BOMEM MB100 or SHIMADZU IR Affinity-1 instrument. Nuclear magnetic resonance (NMR) spectra were obtained for 1 H at 300 MHz and for 13 dimethylcyclohex-2-enone (0.5 mmol), and ethanol (5 mL). The reaction mixture was stirred at room temperature until consume of enaminone, observed by TLC. The generated solid was filtered in vacuum, washed with cold ethanol and dried a room temperature. 4b reaction was performed under reflux. Products 4b and 4e were purified by silica gel column chromatography in hexane-ethyl acetate as eluent (80:20% to 50:50%). 
The reaction of the synthesis was performed under reflux, and product purified by silica gel column chromatography (hexane/ethyl acetate 20% to 50%), afforded pure compounds. 
